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iiy our research w<^ have been Investigating tho effects of a frtfe choice •< 
program on children's ability to Interpret experiments, design simple In- 
■ vestlgatlons, and recognize variables that.mJght affect the outcome*^f 
ob^^rved events, ^^eclded to iiim our program towards 9-13 year olds 

V. • ' ./ ^ . . • . 

both because Inhelder, and Plaget's ( 1957) . research Indicated that thjs 
group would be likely to profit frf»<Tt Instruction Ir^ I nu^^tjjjrfet Irtg experl- 
ments and controlling variably* an^because ITt'tle wbriC jias been done wllh 
that;^ age gr6up. , 
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Rather than attempting to diagnose <;he experl^ces appropriate for each 
child, we are c^i r rent iy exploring the . fpj^s lb 1 1 I ty of providing what we call 
a free choice situation whf>r<^ participants can choose which of a wide var- 
lety of/act I vl ties they wish to pursue ^nd can determine to some extent 
how , they Interact with the^vACt t vl ty . 



Relevant to Plaget's emphasis In 'the Importance of Interaction with 

■ . . '' * • 

object* and -organ i^sms fpr the development of logical reasoning, we have as- 
5brT>ed that fttudenU/ln a free choice environment will choose activities 
Whlc^ wl^ help them learn. Clearly,, however, the characteristics of the 

' / ^ ' . c ■ • 

atogjf^m will determine what and how much the students Jearn 

,* *. 
% ' 

^ If most 10 year olds are given dolls and trucks or gelger counters and 
centrifuges, they will probably* not choose experiences which will foster 
scientific reasoning^ . The materials ^ust. In some way, relate to the chll- 
dren's available knowledge and stimulate them to urvtover new I'eUt lonshl ps . 
In this patfer, we will discuss additional character! st Ics of a free choice . 
program which we >ha;^te found Influences how. students profit frofn the experl- 
•nee and how the program functions. Thus, we will fopus on activity format; 



program leadership^ and student record keeping. We wH) also discuss eval 
uation strategies wKlch we'have found useful In understanding better the 
•ffflcts of^ the program on the Indlviduai. 



} 



Act t vt ty Format 



The question we faced when choosing an acTlvIty format was: - what method 
of present I ng-a^p^TVl ties to s tudents- promotes Ijidependent Investigation? 

Apparatus only . .An early study Involved providing a wide range of apT- 
paratus along wj th demons tryat ions of suggested ways to use the various mate- 

rials (Linn, Chen, Thier, in press). V/hole classes of chTldren In their ^ 

t. ^ • ♦ 

regular classrooms participated. 

Choice of apparatus . Activities In. an individualized program must re- 

V- ' ^ .• ^ ' ■ - . 

fleet the Interests of the ch I Id ren .- Therefore, we asked a group pf II 
year olds to list the science actlvltUs they would most like to do.-^ From 
th^se lists, which were quite general, like "work with chemicals," "make . 
things fly," and "Itivest Igate oil spills." we developed apparatus for about 
30 different activities includlAg testing the a\:ldlty of various substances 

fifing rubber band-power>d airplanes, and saving goldf I sh* f rom oil spills. 

» ' ' ■ - •. ■ 

* ■ ■ ' t ' 

. .. , . ■ ■ - . _^ ., ^- .o . • ■ ■ 

Presentation of actylvltfes . Students attended a project preview where ' 



they circulated around the room and all the apparatus for the program was 
demonstrated by project staff. Following this preview, students sevlected 
their apparatus and did- experiments. Th^ey were asked to.itfeke reports on 
their resi^lts before changing to new apparatus. \ 



0 

0 



ChaHenqe and foMcnv' up fornot .. ^/e found'fLInn, Chen, and Jhler, 1975) 
that; students were having difficulty dividing experiments for vnfamiUar 

variables.^ Thus we tried chan.glncf our challenges Into activities and pro- 

* ■ \ 

vided challenges without directions to encourage students to follow up op 

new Ideas (s<ie Figure 2). 



r 



During the act i'viVy phase spec i fiV" rnstr^^^^ out an .' 

experiment are given. After the Uudent is familiar with the apparatus,' ^ 
; he carries out one or Seve ra !► cha 1 lenges for which no dlrectfons are given.- 

Jhls format appears to encourage independent exploration more than the 
< others we have tried. Consistent with' other work (Linn, Levine, ^l976)C"it 
/ - appears that students are more likely to carry out controlled experiment's " 
yfor familiar var i ab 1 es "thar\ for unfamiliar variables. * " 

r ■* 

\. _ , 

- • s • ,x ^ * 

Program Leadership 

* * 

If^^free choice activity program,-^, leader must at least be Vespons Ibic 
. , for organizational procedures such as, apparatus distribution, technical 

problems and supervisory clean up. In this case the leader could encourage ' 
- the development of scientific reaS<^ Ing ' s k 1 1 1 s by stimulating students. to 
.explore the role of particular variables and, to design controlJed experl- 
•ents. We win dlscusjs organizational procedures ^nd Instructional Vespon- 
•flblir^es of leaders separately. ^ , ' 



, 9.rg«n>^atlon-^l procedure's. Mn our first program trial the leader was 
r^spbh'slble -for distributing apparatus from a central storage area as well 
.•s keeping track of which student was doing whajt 'experiment . This was 
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. poirslble-on»y because we had several leaders present for each session. In 
our second^ trJal we placed equipment for each activity In a.dVfferent box 

' and haa the leader distribute the boxes. We found that a 1 lowing student^s 
to contln\ie,wlth apparatus from one session to the next caWd severe 

Classrooms an5 meant that we needed great quan- 
t-ltles of equipment l f ,more than one claSs was doing the progVam, 



As a result of these trials, we develooed a f<?rmat where all, apparatus 
unique to lan activity and th^ act I vl ty d I rict Ions are placed In Ice cream 
cartons.. The cartons ar'e labeled^and stored on open shelvep. Apparatus . " • 
commdn to several activities Is pJaced adjacent to ^he shelves In a master 
box. Students select an activity, take the ice crean carton, „get any ad- 
ditional materials f rom the master box. c^rry out the' act l vl ty . clean up 

* 

•nd return the apparatus to shelves and master' box dur I ng one visit to the 
progi'am^ (usually one hour). Under these conditions the leader Is free to 
concentrate on other aspects of the program. We have experimented with 
having students record which activity they .were>l ng but have found this Is 
most effect i vely done by the leader. Thus, the leader cl rculates .argund , the 
room- noting what activity each student" Is dofhg and answering quest (qri/^^- 
One leader can manage thl^ pr|)gram fo'r about 20 stJ^nts at once: 



# Inst ruction In Experimentation \ , \ 

While experience with apparatus Is necessary for the development of 

scl«n^lc reasoning. Instruction approprlatte to the ablUtles of the stu- 
^ d«nt»..mlght also be UsiifuK We first tried providing an J nt roquet Ion to / 

variolas and experimentation where studentis alf used the same appa^ratus 
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In directed experiments similar to the Science Curriculum Improvement St6dy 
(SCIS) format. After the I nt roduct Ion / the students participated In the 
free choice program. This first irlal Convinced us that the free choice 
program would be . more appropriate as an en r I chment ^ program outs fde the 
regular classroom aad led perhaps by a p*raprofessl onal or parent volun.teer. 
We tried to provide an Introduction compatible with the enrichment content.' 
One, approach v/as^ to include ldea5-<jbow*t variables and experimentation; v^e ' 
.found this was an l nai^propr I ate way to Influence children's Understanding 
o^ variables and experimentation.. . ^ 

It seemed clear that instruction in experlmfcntat Ion ind variables would 
require an act i ve leader. The program at this point v/as, very successful in 
involving students in experimentation. * We have explored both the role of 
the leader In the • free chelce envfronment and the role of a teacher supple- 
iMntlng-the free choice program. . ^ 

« 

Role of l eader In free choice program : Either parent volunteers or 

* leaders in enrichment programs such as t,htS' 

one. The goal of making a* program "teacher-free" is somet'lmes heard from 
proponents^of Computer Assisted Instruction. Pl^getl^ oriented educat6rs 
'often take the other side: aSs^rtin^ that drastic changes in the teacher " 
• re needed to create a new program. Furth and Wacks (1974) spent threfe, 
weeks In the summer, one week In the fa^l, and four days a month throughout 
the year training one teacher to teach children how to think. While this 
procedure Is effective, It Is both 1 1 rtie consuming and expensive. 



Our flr.^t plan, then, was to devise a rather teacher-/f ree program— one 
that would work no matter who the leader wasV Since we also wanted the full 
pot«{»tlai of the leader- to t)* realized, however, we had to create a means ^ 
> for this. Thus, we first devised pVocedures for students to check actlvl- 
ties In and out themselves as noted ^abov^.. The leader performed onl y truly 
essential, functions like ordering new supplies, and reminding students to 
return tb the} F classes (a freauent and f latteri ng. probJemjL . The I'eadeV was 
now free to talk to the students.' SObsequent ly , we fried having the leader 
Interview students when *they finished their activities. The Interview was 
designed to. find out what the child was thinking, not to evaluate. We en- 
couraged the leader to ask any addl ttonal •<|uest'ions that would help^clarify 
what the child had done ahd what it meant. Ve were encouraqinc t«e leader,* 
from experiences as an Interviewer, to alk l;hought-provoklng questions 
rather than providing information. . ^ 



Instructio n in experimentation . t)ur instructional program n experl- 
mentation was designed to, be 'led by a trained teacher meeting with a group 
of students six to elgt^t tlrtnss for fifteen minutes. Developed by Ben I Chen, 
this program is eclectic,, based dn SCIS, practical .experience, and Smedslund' 

N\ i. 

Idea of cognitive conflict. The concepts of variable ^od fair experiment' 
are introduced for a familiar situation like a basketball game in the f'^Vst 
session. Each additional session focujes on an acMv/Uy from the free choice 
program. The students name t>ic variables for this activity and criticize 
experiments proposed by the Jeader. Each "unfair" experiment is compared 
to the basketbaM game. Student? are as ke* whether It would.be "falr^' to 
have a lower hoop for one te^ and then whether it would be falr tc^ reUase 
one sphere from a lower posltTonJf you wanted to find out which w^uld^roll 



furthest^ Unfair experiments are set up v^^lch yteld logically unacceptabh 
results, students discuss why this happens,* Students are asked to set up 
ntents which are discussfid by th'e group. * 

* 

Results so far ind-lcate that tHls form of Instruction Is (jultte effec- 
tlve. ^he relative tn^portance of the free choice program and the Instruc- 

.V 

tlon Is current ly be! ng invest I gate<r. I t appears thSt fr^e choice" experT- 
enc«-wlth apparatus Is much more effective when combined with I n^trgct l'or> 
(see Linn, Chen and Thier, 1975; Chen and WoIIman, in preparation). 

Student Record Keeping 

A problem which we found very difficult to resolve is that of student 
record keeping. Our observation is that students profit frpm reflecting on 
what they find out wlith one set of equlj)ment before going on to another 
topic. Methods which help students accompHsh this are generally perceived 
negatively by the participants because they Inyolve wrltln^and thinking 
over what has been dorte* 1 nstead of doing something new. 

tt seems reasonable to request- reporting of one sort or another when ^ 
the student changes act i vi t lei s 1 nee this Is a natural break. In his. Inves- 
tigation. In our first trial we reqpl red students to draw or write reports 
of what they found out using their equipment. Some students complained or 
did not want to change equipment because they did not want to^make reports. 

In our second study both Interviews and reports were used' (Figure 3). 
Students were fencouraged to fill out the report fol-m before the Interview, 



but these questions were asked during the Interview If they had not been 
answered be/orehand. Students enjoyed discussing their experiments with 
the leader, especially If something unexpected had happened. This system 
was^ therefore, more jippeal Ing to the students than just writing reports, 
but did not always lead to reflectloi6 on what had been done and took a 
lot of leader time. ^ 



In the later trials we have required students to answer questions ' - 
printed on the activity instructions (see Figure 2) but not required re- 
ports. Students are much happier with this arrangement and still reflect 
before starting on a new activity. For challenges we asked the students 
to report orallv to the" leader and the whole group if there was interest. 
Reports to the g^up have dften generated valuable discussions of experi- 
mentat ion . 

b 

Reporting does appear to be a learning experience. Written reports, 
however, appear to provide practice In writing rather ^than to encourage 
experimentation. Oral reports or. interviews seem most effective. Short 
answer questions focusing on the variables in each experiment are useful 
and usually acceptable to students; 



Evaluat ion 



W« have been concerned with whether our program ls'*accompn sh Ing its 
statad goals (improved ability to recognize and control variables) and with 
what other effects the program might have. 
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Measuring scientific reasoning . To measure ability to control variables 
w« first developed some gr^p measures. These wer^ apparatus related ques- 
tlons presented on film. Students wrote their answers to each^qpest fbn . 
The procedure was to bring in the apparatus for the test such wPi ramp 
•nd rolling sphere I dent I fy each element, demonstrate the apparatus, show 
a short film segment which gave a more detailed demonstration, re^ad the first 
question, show a film illustration of the quest.ion, allow all students to 

4 

answer the question, and r?ad, watch ^and answer the remaining questions* 
Some typical questions are shown inYlgure 4. Questions covered recognition 
of variables, control I iTig variables, recognizing uncontrolled variables, 
and interpreting experiments. ^ / 



We found that paper and pencil evaluation measures presented the same 
problems we encountered when we. required students to write reports. Many 
Students <ils I ike writing. The program does not teach or even depend on 
writing.. In keeping with our philosophy of evaluating in the same mode we 
use for instruction, we decided to use Interviews Instead of group tests. 

We have used Interviews based on P I age t Ian' tasks like Bending Rods or 
Spinning Wheels (inhleder $ Plaget, 1958) and. Interviews' we have devised^ 
burselvcs (Linn 6 Levlne , .1976) . All have IncTuded act i ve exper Imentat loa 
by the subject, the subject's reasons for each experiment and counter sug- 
9«»tlons ^osed by the InteryUwer. These measures, since they. are similar 
In format to ac|: I V? ties used In the program, have been very useful. 



/ 
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Measurin g how the program works . Program outcomes have been assessed 
by summarizing student reports and leader Interviews done during the free 
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choJce program {Linn, Chen^ s Thier, 1975). Anothfer" approach has been, to 
- report case studies (Linn, Chen, & Jhler, In press). We have also looked 
kt student choices, duration of activity use» and activity popularl 

0 All of these approaches have helped to effectively characterize what 

happens during the free choice program. Outcorhes of this evaluation pp- 
proach have indicated that subjects in the program betiave in a manner com- . ' 
patlble with PI age f's stag? of concrete bpef at Ions . V- \ " ■ 



Ct)OCJ| ustW&^ . V.;^.V>; V-.-. -' 



In the course of our research on thb behavior of iadividuals fn /ree 

• ' -J 

cholce^rogram we have been guided py Plagetla?i theory. Primarily we 

found that translating theory. Into practice Involves much trial and error.' 

'■ " ■ . ' 

Many questions cannot be answered by theory alone. On th* other band, we ' 

have found the concept of concrete opejiations t6 be a*succlnct way to. re- 
late and explain many diverse observations Vf\ our f rea'choi ce- program. 



We h»v.e found that program development provokes questi ons. about the 
deveJopment of logical reasoning and that Investigation of these questions 
facilitates development* of teaching proceduresA^^ example,, observat Ions 
In • free choice program have suggested that Students focus on the results - 
of their experiments rat^r than* the procedure. That Is, students are more 
Interested In making the slider go far than In finding out tf one position 
•li better than another. Following up this observat^n^ In an Interview 
study (Linn and Lev.lne. 1976). we found that' 12 year olds' accept the results 



A 



1 V 



of urrcontfol 1^ experiments eWn when they, appear qoJ te unVeasonablc. For 
, l^sUnoe^ subjcicts. accepted th^t a ^sman6^ marble could hit a target farther' 
than^ a lai'ger marble i/|>en they watched an uncont rol ledO^perlment . We are ^ 
now Investigating the t m^^H cat Ion? .of this finding for the teaching pro- 
grim. ■ ■ * ^ ■ - ^ * ' 

)Many questions ar? still unanswered.- <|^e have a better understanding 
of how^the leader can foster scientific reasoning, how to design activity 
directions to encourage individual exploration, how to structure student 
part Id pat Ion .to encourage reflect Ion an-d 'how to evaliiate student progress.'. 
We win be corttn^nulng tx> try oujt^ variations of freeitcholce programs to de- 
termine how best to provide an en joyab le^p'rogram. wh ich is likely to Improve 
the students scientific reasoning Ability, 



• —Ml 



Throughout our early wark the development and tri at^f 'act I vl t les has 
provided the laboratory In which to carry out our research' on reasoning. 
The evofvement of activities of high Interest to participants has* provided 
us with a reproducible '%et of *cond I tlons In which to'study children's reason- 

* ■ • 

ing. All variables cannot be cont-rolled because the program Is.onTy one 
aspect of the child's school and life experience. \ 



We now know some 'of the parameters of a free cholcfe experience. By 
careful on-site evaluation combined with results from a variety of measures 
of Intellectual developmeftt and scientific reasoning, we are starting, to 

r .>■.•■ 

■ J 

understand the mosaic of the ch I behavior In the free choice situation. 
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FIGURE I 

Challenge Fprmet for Act I vl t les 
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Challenge} Try to^ge^a snail Jo walk across a plastic clro^^ placed qn a . 
table. Start the snail 3 feet away from the circle. Scq tf the spall will 
cross the circle 3 out of^ trials. ^ Complete the experljment in one hour. 



Materials 

2 lights 

2 reflectjors 



Solution " . w 4 

1'. Set up. a light source and "reflector and turn It on. - Place 2 or 3 snails 
in front of It. 



Which way do the snails move? (Describe or draw a picture.) 

r 

What variabies are affecting the snails in this experiment? 



2. Hold a turned on light source behind a snail and keep moving It 
towards the snail as the snail moves. 



What happens? 



What variables do you think the snail ^is responding to in this experiment? 



Using the light source in this way, see if ysu can solve the problem of getting 
the snail to walk acroSs the circle. 



Describe your solution. 



Try to find Mother way to solve the problem. 



"I 



mCLINEB PLANE 
. t 



^CIJALLENGE: Get a block of wood to slide down an inclined. plane that 
. ' iaJ(5 centimeters hi^h at one end. - . - 



Materials 



1 rubber coated sliding board 
15 spacing blocks 
1 formica coated block 



Solution 



salt 

sand 

flour 



1. Set up the Inclined plane with 5 sipacing block;^. (Each block is 2 
centimeters.) , . . ' 



spacing blo(^ks 




Inclined plane 



■ • 2. Try sliding the block down the board, sprinkle ilouV on the baard. 



3. One variable Is the height of the inclined plane. Another is the 
surface that the board slides on. Try using sand; salt, ^rid flour on the. 
plane. Try other variables that you think of. ^ 



NEW CHALLENGE 



Do an experiment td show whether a heavy or 
light block slides dpwn an incline more easily. 



^ r 
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FIGDRE 2 \ 
ChalUnge and Follow Up Format for Activities 
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BOILCD EdGS 



ACTIVITY: Find three ways to tell If an egg is raw or hard boiled 



without breaking the shey. 



N, 



MATERIALS . (MB)-in Master B6x 

2 eggs: 1 hard boiled, 1 raw f 
container (MB) ^ 
salt iMB) . V ■ 

DIRECTIONS 




teaspoon (MB) 

heatr light source (MB) 



1. You have two eggs. One of the eggs is raw. The other is 

hard boiled. Mark one of the eggs with your pencil so you can tell * 
them a||^#;i. Now think of -ways these eggs might differ. {These'are 
variable 6 ;] For example they might differ in size or color. 

2. Try these expeiMments. Add- any experiments that you think of. 



Result for Result for 
^ « Unmarked Egg Marked Egg 


1 

' 1. Tap the eggs. How 
do th^y sound 


» 

? 

1 . " 


2. ftold the eggs up to 
; . the light. Can you 
see through them ? ■ 


• ■■( — ^- 1 


3. Spin the eggs, count ' . ^ 
the number of spins. 


4. Mslke a salt water 
solution, with 1 spoon 
of 'Salt for each cup of 
water. Do the eggs 
sink or float? 


■ 

• 




5. Your experiment': 
(describe) 

• 

• ) 

V. 


4 


: ''?fV ■ I 



3^ . Boiled eggs spin more than unboiled eggs. 



Which of your eggs was boiled? Unmarked 



Marked 



K you'can*t see through an egg, do you think" you could spin it so it ' 
, would go around five timeg? Yes , No ____ Explain. 



pOILEDEGGS ^ 
CHALLENGl^ #1: Find a way to tell an egg boiled for three minutes 

from an egg boiled for six minutis. 



1 



BOILED EGGS 

CHALLENGE #2: Find another way to tell if an egg is raw or boiled 

j|ithout cracking it. 



20 



DON»t TIP THE RAFT 



{ACTIVrrY: See how many washers you can place on the yellow and the 
blue raft without causing them to tip over or sink. ' 



MATERIALS (MB)- in Master Box 

Yellow raft . 
Blue raft 

Red raft . 

Green mystery raft'(For .Challenge) 



Bowl (MB)^ 
Water supply 
Paper towels (MB) 
Container of ff5 washers (MB) 



DIRECTIONS 



1. vAdd water \t 6 your bowl. 



a/4' full 



2. Put your yellow raft in the 
watet. Add washers until it 
. tips or sinics. 



1 

J 



How many (ioes It hold? 

washers. 



3 . Do the same with the 
blue i-aft. 




How many does it hold? 

js washers. 



4^ Look at the red raft. How 
many washers do you j^redict 
ttwiUhold? washers. 



t 
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1 



Try it.* How many does it hold? ' 
• washers. 



The thickneISs of the rafts changes in these activities. It' Is a variable; What 
does making the raft thicker do to the number of washers it can hold? 



t 



What things are the same about these rafts'? 



DON»T TIP THE RAFT 
j CHALLENGE #,^1 Precfict how many washerS you thiok the green 

mystery raft will hold. < was hers 

How did you decide ? " 



Do the experiment . Results : It held 



washers. 



T 



4 W 



tK)N*T TIP THE RAFT ^. 

CHALLENGE #2: Get the blue raft to float with 6 more washer* on it 

iian the green raft held. , 

How did you do it? 



DON't TIP THE RAFT 

CHALLENGE #3: Get the blue raft to sink or tip with 6 fewer washers 

* on it than the green raft held. 

' • How did you do it? 
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FIGURE 3 

Student Report and Interview Form 



i 

K 

\ 



I. : 



Student Report Form 



Name Date 



Tjtlfe of Experiment: 

Description of Experiment : (V/hat'you are' going to do.) 
Variables: 

What you changed. How' you changed it. 
Results: , . ^ 

Interview 



What project did you choose? 

About how long (how many hours) did you spend on this project? 

What did you like the least abpi/t this project? Why? 

When did you need help from the leader? Why? 

What other challenges for these materials did you try? 

./ 

What did you find out about that wasn't asked for In the instructions? 

Now, tell me in your ovm words what Vou did while you, were working on this 
project, and how you felt about it. (The answer will be TAPED. In taping, 
first give your name, the date , and the activity used before answering the' 
questions.) > 
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TFIGURE k 

Examples of Questions on Ability to Cont.rol Variables 
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1. Si^poM you want tp flrfd out vheither tHe md st^here or the tan ^sphere might 
Mk« the target move farther. To find out you could release^each sphere - 
•nd let It hit the target as shown belov. ^ 




Light Target 



At which 'oposition would .you start the red sphere? (Circle your choice) 
High Middle Low - 

At which position would you s.tart the tan sphere? (Circle your choice) 
High Middle Low 



Please explain how you qhose your answer. 



2. Suppose Bill var.ts to r^ove th^^t th^ high position is better than ^.K ^^ iov 

P^^^^^'^^ the -target go far. He does these experiments: 

Trial 1 * 

1 




Heavy Target . 





* Heavy Target 

* '. ' 

B«^b&ra says he can't fin4 out by doing these experiments. Why do you think 
sh« said that? ... 



« ' 

Hoif eoxild you improve the experiments? 



